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(54) POWERTOOL AND SAFETY CONTROL CIRCUIT MODULE AND SAFETY CONTROL METHOD

THEREOF

(57) A power tool (10) and a safety control circuit
module (13) and a safety control method thereof are pro-
vided. The power tool (10) includes a power supply de-
vice (11), a control processing device (12), a safety con-
trol circuit module (13), and a power output device (14).
The control processing device (12) is electrically con-
nected with the power supply device (11). The safety
control circuit module (13) includes a first switch control

circuit (131), a second switch control circuit (132), a third
switch control circuit (133), a first resistor (134), and a
first diode (135). The power output device (14) includes
a first power connection terminal (141) and a second
power connection terminal (142). Before switch units of
the control circuits are controlled, the control processing
device (12) detects whether the switch unit has failed, so
as to increase safety.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the priority of
Taiwan Patent Application NO. 110112010, filed on
March, 31, 2021, tited "POWER TOOL AND SAFETY
CONTROL CIRCUIT MODULE AND SAFETY CON-
TROL METHOD THEREOF" and the disclosure of which
is incorporated herein by reference.

FIELD OF INVENTION

[0002] The present invention relates to a power tool,
and a safety control circuit module and a safety control
method thereof, and especially to a power tool and a
safety control circuit module which can detect whether a
circuit has failed before a motor is turned on.

BACKGROUND OF INVENTION

[0003] In general power tools with motors, most of
them do not have a function of detecting whether circuits
have failed before the motors are turned on. Forexample,
in some power tools, several transistors, such as metal-
oxide-semiconductor field-effect transistors, are used to
control electric current flowing through the motors. How-
ever, in a situation where the transistor is damaged, be-
cause there is no pre-detection mechanism, this can
cause the motor to fail to shut down and continue oper-
ating, causing danger.

[0004] Furthermore, due to unpredictable working en-
vironment of the power tools, internal circuits of the power
tools may be damaged due to static electricity or other
reasons. If the power tools are used in a situation that
the circuits are damaged, but no abnormality is detected,
it can cause control abnormality and thus causes danger.
Therefore, a power tool, and a safety control circuit mod-
ule and a safety control method thereof are needed to
relieve the aforesaid problem.

SUMMARY OF INVENTION

[0005] Inordertosolve the aforesaid problem, the pow-
er tool, and the safety control circuit module and the safe-
ty control method thereof provided by the present inven-
tion can prevent a phenomenon that a motor of the power
output device keeps running after any switch unit is
burned out but the control processing device cannot con-
trol it. In the present invention, before the switch unit is
controlled, the control processing device is used to detect
whether the switch unit has been failed, so that safety
can be improved.

[0006] On the basis of the aforesaid purpose, the
presentinvention provides a power tool including a power
supply device, a control processing device, a safety con-
trol circuitmodule, and a power outputdevice. The control
processing device is electrically connected to the power
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supply device and includes a first switch signal output
pin, a second switch signal output pin, third switch signal
output pin, and an examination signal input pin. A first
switch signal, a second switch signal, and a third switch
signal are respectively outputted from the control
processing device by the first switch signal output pin,
the second switch signal output pin, and the third switch
signal output pin. The safety control circuit module in-
cludes a first switch control circuit, a second switch con-
trol circuit, a third switch control circuit, a first resistor,
and a first diode. The first switch control circuit is electri-
cally connected to the first switch signal output pin. The
second switch control circuit is electrically connected to
the second switch signal output pin and the first switch
control circuit. The third switch control circuit is electri-
cally connected to the third switch signal output pin and
the second switch control circuit. The first resistor is elec-
trically connected to the power supply device. The first
diode is electrically connected to the examination signal
input pin and the first resistor. The power output device
includes a first power connection terminal and a second
power connection terminal. The first power connection
terminal is electrically connected to the first switch control
circuit, the first diode, and the second switch control cir-
cuit. The second power connection terminal is electrically
connected to the third switch control circuit.

[0007] Preferably, the first switch control circuit in-
cludes a first driving circuit and a first switch unit. The
second switch control circuit includes a second driving
circuit and a second switch unit. The third switch control
circuit includes a third driving circuit and a third switch
unit. The first switch unit, the second switch unit, and the
third switch unit are metal-oxide-semiconductor field-ef-
fect transistors. The first switch control circuit includes a
first gate electrode, a first source electrode, and a first
drain electrode. The second switch control circuit in-
cludes a second gate electrode, a second source elec-
trode, and a second drain electrode. The third switch con-
trol circuit includes a third gate electrode, a third source
electrode, and a third drain electrode. The first drain elec-
trodeis electrically connected to the power supply device.
The first source electrode is electrically connected to the
second drain electrode and the first power connection
terminal. The second source electrode is electrically con-
nected to the third source electrode. The third drain elec-
trode is electrically connected to the second power con-
nection terminal. The firstdriving circuitis electrically con-
nected to the first gate electrode and the first switch signal
output pin and receives the first switch signal to allow the
first switch unit to be turned on. The second driving circuit
is electrically connected to the second gate electrode and
the second switch signal output pin and receives the sec-
ond switch signal to allow the second switch unit to be
turned on. The third driving circuit is electrically connect-
ed to the third gate electrode and the third switch signal
output pin and receives the third switch signal to allow
the third switch unit to be turned on. The first diode in-
cludes a first anode and a first cathode, and the first an-
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ode is electrically connected to the examination signal
input pin and the first resistor. The first cathode is elec-
trically connected to the first source electrode and the
second drain electrode.

[0008] Preferably, the safety control circuit module fur-
ther includes a second diode. The second diode includes
asecond anode and a second cathode. The second cath-
ode is electrically connected to the first source electrode
and the first power connection terminal. The second an-
ode is electrically connected to the third drain electrode
and the second power connection terminal.

[0009] Preferably, when the first switch signal, the sec-
ond switch signal, and the third switch signal are not out-
putted by the control processing device through the first
switch signal output pin, the second switch signal output
pin, and the third switch signal output pin, the first switch
unit, the second switch unit, and the third switch unit are
not turned on, and an examination signal is received by
the examination signal input pin.

[0010] Preferably, when the first switch signal, the sec-
ond switch signal, and the third switch signal are not out-
putted by the control processing device through the first
switch signal output pin, the second switch signal output
pin, and the third switch signal output pin, but the second
switch unit or the third switch unit is turned on, an abnor-
mal signal having an electric potential lower than the ex-
amination signal is received by the examination signal
input pin.

[0011] Preferably, the power supply device provides
electric energy to the control processing device and the
power output device. When the first switch unit and the
third switch unit are turned on, an electric current of the
electric energy flows from the first switch unit to the third
switch unit through the power output device, and a motor
of the power output device operates. When the motor
operates, if the second switch unit and the third switch
unit are turned on, and the first switch unit is not turned
on, a braking current of a counter electromotive force
generated during operation of the motor flows from the
third switch unit to the second switch unit through the
power output device, and the motor is decelerated. A
turned-on time of the second switch unit and the third
switch unitis determined by the second switch signal and
the third switch signal sent from the control processing
device.

[0012] Preferably, the control processing device fur-
ther includes a plurality of detection pins, and each of the
detection pins is electrically connected to a plurality of
detection units respectively.

[0013] Preferably, the power tool can further include a
motor detection circuit. One terminal of the motor detec-
tion circuit is electrically connected to the second switch
control circuit and the third switch control circuit, and an-
other terminal of the motor detection circuit is electrically
connected to one of the plurality of detection pins.
[0014] Preferably, the plurality of detection units in-
cludes a trigger switch and a safety switch.

[0015] On the basis of the aforesaid purpose, the
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present invention further provides a safety control circuit
module disposed in the power tool. The safety control
circuit module includes a first switch control circuit, a sec-
ond switch control circuit, a third switch control circuit, a
first resistor, and a first diode. The first switch control
circuitis electrically connected to a first switch signal out-
put pin of a control processing device of the power tool
andreceives afirst switch signal from the control process-
ing device. A second switch control circuit is electrically
connected to a second switch signal output pin of the
control processing device and the first switch control cir-
cuit and receives a second switch signal from the control
processing device. A third switch control circuit is elec-
trically connected to a third switch signal output pin of
the control processing device and the second switch con-
trol circuit and receives a third switch signal from the con-
trol processing device. The first resistor is electrically
connected to a power supply device of the power tool.
The first diode is electrically connected to an examination
signal input pin of the control processing device and the
first resistor, Furthermore, the safety control circuit mod-
ule is connected to a power output device of the power
tool, and the power output device includes a first power
connection terminal and a second power connection ter-
minal. The first power connection terminal is electrically
connected to the first switch control circuit, the first diode,
and the second switch control circuit. The second power
connection terminal is electrically connected to the third
switch control circuit.

[0016] Preferably, the first switch control circuit in-
cludes a first driving circuit and a first switch unit. The
second switch control circuit includes a second driving
circuit and a second switch unit. The third switch control
circuit includes a third driving circuit and a third switch
unit. The first switch unit, the second switch unit, and the
third switch unit are metal-oxide-semiconductor field-ef-
fect transistors. The first switch control circuit includes a
first gate electrode, a first source electrode, and a first
drain electrode. The second switch control circuit in-
cludes a second gate electrode, a second source elec-
trode, and a second drain electrode. The third switch con-
trol circuit includes a third gate electrode, a third source
electrode, and a third drain electrode. The first drain elec-
trodeis electrically connected to the power supply device.
The first source electrode is electrically connected to the
second drain electrode and the first power connection
terminal. The second source electrode is electrically con-
nected to the third source electrode. The third drain elec-
trode is electrically connected to the second power con-
nection terminal. The firstdriving circuitis electrically con-
nected to the first gate electrode and the first switch signal
output pin and receives the first switch signal to allow the
first switch unit to be turned on. The second driving circuit
is electrically connected to the second gate electrode and
the second switch signal output pin and receives the sec-
ond switch signal to allow the second switch unit to be
turned on. The third driving circuit is electrically connect-
ed to the third gate electrode and the third switch signal
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output pin and receives the third switch signal to allow
the third switch unit to be turned on. The first diode in-
cludes a first anode and a first cathode. The first anode
is electrically connected to the examination signal input
pin and the first resistor, and the first cathode is electri-
cally connected to the first source electrode and the sec-
ond drain electrode.

[0017] Preferably, the safety control circuit module fur-
ther includes a second diode. The second diode includes
asecond anode and a second cathode. The second cath-
ode is electrically connected to the first source electrode
and the first power connection terminal. The second an-
ode is electrically connected to the third drain electrode
and the second power connection terminal.

[0018] Preferably, when the first switch signal, the sec-
ond switch signal, and the third switch signal are not out-
putted by the control processing device through the first
switch signal output pin, the second switch signal output
pin, and the third switch signal output pin, the first switch
unit, the second switch unit, and the third switch unit are
not turned on, and an examination signal having a high
electric potential is received by the examination signal
input pin; when the first switch signal, the second switch
signal, and the third switch signal are not outputted by
the control processing device through the first switch sig-
nal output pin, the second switch signal output pin, and
the third switch signal output pin, but the second switch
unit or the third switch unit is turned on, an abnormal
signal having an electric potential lower than the exam-
ination signal is received by the examination signal input
pin.

[0019] On the basis of the aforesaid, the present in-
vention further provides a safety control method of the
power tool, including:

providing electric energy to actuate a control
processing device by a power supply device;
detecting states of a trigger switch and a safety
switch by the control processing device, wherein if
the control processing device detects that the safety
switch and the trigger switch are in an actuation state
and if the safety switch is actuated first correspond-
ing to the trigger switch, the safety control method
further includes:

making the first switch control circuit to be invalid
by the control processing device, wherein the
electric energy is unable to be transmitted to a
second switch control circuit, a third switch con-
trol circuit, and a power output device at this
time; and

making the second switch control circuit and the
third switch control circuit to be invalid by the
control processing device; and detecting an
electric potential of the second switch control
circuit and the third switch control circuit by a
detecting signal input pin.
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[0020] Ifthe electric potential is a low electric potential,
the control processing device determines that at least
one of the second switch control circuit and the third
switch control circuit is failed and does not allow the elec-
tric energy of the power supply device to be transmitted
to the power output device.

DESCRIPTION OF DRAWINGS

[0021]

FIG. 1 is a first schematic diagram of a power tool
and a safety control circuit module thereof according
to one embodiment of the present invention.

FIG. 2 is a second schematic diagram of the power
tool and the safety control circuit module thereof ac-
cording to one embodiment of the present invention.
FIG. 3 is a first implementation schematic diagram
ofthe power tool and the safety control circuit module
thereof according to one embodiment of the present
invention.

FIG. 4 is a second implementation schematic dia-
gram of the power tool and the safety control circuit
module thereof according to one embodiment of the
present invention.

FIG.5isthe powertool according to one embodiment
of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0022] To facilitate the review of the technique fea-
tures, contents, advantages, and achievable effects of
the presentinvention, the embodiments together with the
attached drawings are described below in detail. How-
ever, the drawings are used for the purpose of indicating
and supporting the specification, which may not depict
the real proportion of elements and precise configuration
inthe implementation of the presentinvention. Therefore,
the depicted proportion and configuration of the attached
drawings should not be interpreted to limit the scope of
implementation of the present invention.

[0023] The embodiments of the power tool and the
safety control circuit module thereofin the present inven-
tion are explained with reference to the related figures.
For ease of understanding, the same elements in the
following embodiments are explained in accordance with
the same symbols.

[0024] As illustrated in FIG. 1 to FIG. 5, the power tool
10 of the present invention includes a power supply de-
vice 11, a control processing device 12, a safety control
circuit module 13, and a power output device 14. In one
embodiment, the power tool 10 of the present invention
can be an electric nail gun, but is not limited thereto. As
long as the power tools that can use the technology pro-
vided by the present invention should be included in the
scope of the present invention. The power tool 10 of the
present invention is described in detail as follows.
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[0025] The power supply device 11 includes a battery
111, a power supply switch 112, and a voltage regulator
113. The battery 111 is electrically connected to the pow-
er supply switch 112. The power supply switch 112 is
electrically connected to the voltage regulator 113. The
voltage regulator 113 is electrically connected to the con-
trol processing device 12 to provide a stable voltage to
the control processing device 12. The power supply
switch 112 is electrically connected to one of a plurality
of function output pins of the control processing device
12 to accept control from the control processing device
12.

[0026] The control processing device 12 is electrically
connected to the power supply device 11 and includes a
first switch signal output pin 121, a second switch signal
output pin 122, a third switch signal output pin 123, and
an examination signal input pin 124.

[0027] In one embodiment, a first switch signal, a sec-
ond switch signal, and a third switch signal are respec-
tively outputted from the control processing device 12 by
the first switch signal output pin 121, the second switch
signal output pin 122, and the third switch signal output
pin 123.

[0028] The safety control circuit module 13 includes a
first switch control circuit 131, a second switch control
circuit 132, a third switch control circuit 133, afirst resistor
134, and a first diode 135. The first switch control circuit
131 is electrically connected to the first switch signal out-
putpin 121. The second switch control circuit 132 is elec-
trically connected to the second switch signal output pin
122 and the first switch control circuit 131. The third
switch control circuit 133 is electrically connected to the
third switch signal output pin 123 and the second switch
control circuit 132. The first resistor 134 is electrically
connected to the power supply device 11. The first diode
135 is electrically connected to the examination signal
input pin 124 and the first resistor 134.

[0029] Thepoweroutputdevice 14 includes afirst pow-
er connection terminal 141 and a second power connec-
tion terminal 142. The first power connection terminal
141 is electrically connected to the first switch control
circuit 131, the first diode 135, and the second switch
control circuit 132. The second power connection termi-
nal 142 s electrically connected to the third switch control
circuit 133.

[0030] Furthermore, in one embodiment, the first
switch control circuit 131 includes a first driving circuit
1311 and a first switch unit 1312; the second switch con-
trol circuit 132 includes a second driving circuit 1321 and
a second switch unit 1322; and the third switch control
circuit 133 includes a third driving circuit 1331 and a third
switch unit 1332.

[0031] In one embodiment, the first switch unit 1312,
the second switch unit 1322, and the third switch unit
1332 are metal-oxide-semiconductor field-effect transis-
tors, and preferably, they can be N-type metal-oxide-
semiconductor field-effect transistors.

[0032] Furthermore, as illustrated in FIG. 2 to FIG. 4,
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the first switch control circuit 131 includes a first gate
electrode, a first source electrode, and a first drain elec-
trode. The second switch control circuit 132 includes a
second gate electrode, a second source electrode, and
a second drain electrode. The third switch control circuit
133 includes a third gate electrode, a third source elec-
trode, and a third drain electrode. The first drain electrode
is electrically connected to the power supply device 11.
The first source electrode is electrically connected to the
second drain electrode and the first power connection
terminal 141. The second source electrode is electrically
connected to the third source electrode. The third drain
electrode is electrically connected to the second power
connection terminal. The first driving circuit 1311 is elec-
trically connected to the first gate electrode and the first
switch signal output pin 121 to receive the first switch
signal to allow the first switch unit 1312 to be turned on.
The second driving circuit 1321 is electrically connected
tothe second gate electrode and the second switch signal
output pin 122 to receive the second switch signal to allow
the second switch unit 1322 to be turned on. The third
driving circuit 1331 is electrically connected to the third
gate electrode and the third switch signal output pin 123
to receive the third switch signal to allow the third switch
unit 1332 to be turned on. The first diode 135 includes a
first anode and a first cathode. The first anode is electri-
cally connected to the examination signal input pin 124
and the first resistor 134, and the first cathode is electri-
cally connected to the first source electrode and the sec-
ond drain electrode. The safety control circuit module 13
further includes a second diode 136. The second diode
136 can include a second anode and a second cathode.
The second cathode is electrically connected to the first
source electrode and the first power connection terminal
141. The second anode is electrically connected to the
third drain electrode and the second power connection
terminal 142.

[0033] Inoneembodiment, when the first switch signal,
the second switch signal, and the third switch signal are
notoutputted by the control processing device 12 through
the first switch signal output pin 121, the second switch
signal output pin 122, and the third switch signal output
pin 123, the first switch unit 1312, the second switch unit
1322, and the third switch unit 1332 are not turned on,
and an examination signal is received by the examination
signal input pin 124; when the first switch signal, the sec-
ond switch signal, and the third switch signal are not out-
putted by the control processing device 12 through the
first switch signal output pin 121, the second switch signal
output pin 122, and the third switch signal output pin 123,
but the second switch unit 1322 or the third switch unit
1332 is turned on, an abnormal signal having an electric
potential lower than the examination signal is received
by the examination signal input pin 124.

[0034] In one embodiment, the power supply device
11 provides electric energy to the control processing de-
vice 12 and the power output device 14. As the first switch
unit 1312 and the third switch unit 1332 are turned on,
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and the second switch unit 1322 is not turned on, an
electric current of the electric energy flows from the first
switch unit 1312 to the third switch unit 1332 through the
power output device 14, and a motor of the power output
device 14 operates.

[0035] Inone embodiment, the motoris a direct-current
motor. When the motor operates, if the second switch
unit 1322 and the third switch unit 1322 are turned on,
and the first switch unit 1312 is not turned on, a braking
current of a counter electromotive force generated during
operation of the motor flows from the third switch unit
1332 to the second switch unit 1322 through the power
output device 14, and the motor is decelerated.

[0036] Furthermore, a turned-on time of the second
switch unit 1322 and the third switch unit 1332 can be
determined by the second switch signal and the third
switch signal sent from the control processing device 12.
For example, the turned-on time of the second switch
unit 1322 and the third switch unit 1332 can be deter-
mined by high electric-potential duration of the second
switch signal and the third switch signal.

[0037] In one embodiment, except for the first switch
signal output pin 121, the second switch signal output
pin 122, the third switch signal output pin 123, and the
examination signal input pin 124, the control processing
device 12 can further include a plurality of detection pins
and a plurality of function output pins, and each of the
detection pins is electrically connected to a plurality of
detection units and a plurality of functional units respec-
tivel y.

[0038] Forexample, the plurality of detection units can
include a nail-lock detection switch 152, a safety switch
153, a trigger switch 154, a battery voltage detection unit
155, and an upper dead point switch 156, and the plurality
of functional units include a light control unit 161. In one
embodiment, the safety switch 153, the trigger switch
154, and the upper dead point switch 156 can include
micro switches to detect a position of a firing pin. The
nail-lock detection switch 152 can detect stock of nails
to determine whether the nails can be fired. The light
control unit 161 can control indicator lights and other
lights to show a state of the power tool 10.

[0039] In one embodiment, the control processing de-
vice 12 includes a microprocessor. The microprocessor
is a core of the control processing device 12 and has
functions such as digital/analog conversion, input/output
detection, communication transmission, pulse width
modulation output, etc.

[0040] In one embodiment, after the power tool 10 is
connected to the power supply device 11, the voltage of
the battery 111 of the power supply device 11 is supplied
to the microprocessor through a voltage-down circuit of
the voltage regulator 113. After the microprocessor gets
the electric energy, it sends a signal to the power switch
112 to maintain supplying the electric energy. Then, the
microprocessor detects the nail-lock detection switch
152, the safety switch 153, and the trigger switch 154 in
a polling manner, detects states of the first switch unit

10

15

20

25

30

35

40

45

50

55

1312, the second switch unit 1322, and the third switch
unit 1332, and detects a voltage and an electric current
of the motor by an analog-to-digital manner.

[0041] In one embodiment, the power tool 10 further
includes a motor detection circuit 151. One terminal of
the motor detection circuit 151 is electrically connected
to the second switch control circuit 132 and the third
switch control circuit 133, and another terminal of the
motor detection circuit 151 is electrically connected to
one of the plurality of detection pins. Furthermore, the
motor detection circuit 151 includes a divider resistor
1511 and an amplifier 1512. The microprocessor can de-
tect whether the electric current or the voltage of the mo-
tor is abnormal by the motor detection circuit 151.
[0042] Taking the power tool 10 as the electric nail gun
as an example, the safety control method of the power
tool 10 can further include the following processes. The
microprocessor detects and determines that if a user
turns on the safety switch 153 and the trigger switch 154
in sequence, and then checks whether the nail-lock de-
tection switch 152 is normal. If the nail-lock detection
switch 152 is in a normal state, then the electric nail gun
enters into a fire state.

[0043] After entering into the fire state, the microproc-
essor checks states of each switch unit. In a normal sit-
uation, when the second switch unit 1322 and the third
switch unit 1332 are not turned on, the microprocessor
receives the examination signal having high electric po-
tential, which means states of the second switch unit
1322 and the third switch unit 1332 are normal. Then,
the microprocessor can send the first switch signal and
the third switch signal, and turn on the first switch unit
1312 and the third switch unit 1332 through the first driv-
ing circuit 1311 and the third driving circuit 1331 to start
and operate the motor.

[0044] After the motor starts to operate, it lifts the firing
pin up and passes the upper dead point switch 156. After
the microprocessor detects the state of the upper dead
point switch 156, it determines a stopping time of the
motor according to the voltage of the battery 111. When
a stop time is reached, the microprocessor stops sending
the first switch signal of high potential to turn off the first
switch unit 1312, and sends the second switch signal to
turn on the second switch unit 1322, causing the motor
to brake and stop quickly. In addition, the braking time
of the motor can be controlled by the microprocessor.
[0045] However, if the power tool 10 enters the fire
state, butthe second switch unit 1322 and the third switch
unit 1332 are not turned on, and the microprocessor re-
ceives an abnormal signal having low electric potential,
which means at least one of the second switch unit 1322
or the third switch unit 1332 has failed. At this time, an
abnormal mode is entered, and the motor is not operated.
[0046] The presentinvention further provides a safety
control circuit module 13. The safety control circuit mod-
ule 13 can be disposed in the power tool 10. The power
tool 10 of the present invention can be an electric nail
gun, butis notlimited thereto. As long as the safety control
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circuit module 13 of the present invention can be in-
stalled, it should be included in the scope of the present
invention. The safety control circuit module 13 can in-
clude a first switch control circuit 131, a second switch
control circuit 132, a third switch control circuit 133, a first
resistor 134, and a first diode 135.

[0047] The first switch control circuit 131 is electrically
connected to a first switch signal output pin 121 of a con-
trol processing device 12 of the power tool 10 and re-
ceives a first switch signal from the control processing
device 12. A second switch control circuit 132 is electri-
cally connected to a second switch signal output pin 122
of the control processing device 12 and the first switch
control circuit 131 and receives a second switch signal
from the control processing device 12. A third switch con-
trol circuit 133 is electrically connected to a third switch
signal output pin 123 of the control processing device 12
and the second switch control circuit 132 and receives a
third switch signal from the control processing device 12.
The first resistor 134 is electrically connected to a power
supply device 11 of the power tool 10. The first diode 135
is electrically connected to an examination signal input
pin 124 of the control processing device 12 and the first
resistor 134.

[0048] In one embodiment, the safety control circuit
module 13 is connected to the power output device 14
ofthe powertool 10. The power output device 14 includes
afirstpower connectionterminal 141 and a second power
connection terminal 142. The first power connection ter-
minal 141 is electrically connected to the first switch con-
trol circuit 131, the first diode 135, and the second switch
control circuit 132. The second power connection termi-
nal 142 s electrically connected to the third switch control
circuit 133.

[0049] Furthermore, in one embodiment, the first
switch control circuit 131 includes a first driving circuit
1311 and a first switch unit 1312; the second switch con-
trol circuit 132 includes a second driving circuit 1321 and
a second switch unit 1322; and the third switch control
circuit 133 includes a third driving circuit 1331 and a third
switch unit 1332.

[0050] In one embodiment, the first switch unit 1312,
the second switch unit 1322, and the third switch unit
1332 are metal-oxide-semiconductor field-effect transis-
tors, and preferably, they can be N-type metal-oxide-
semiconductor field-effect transistors.

[0051] Furthermore, as illustrated in FIG. 2 to FIG. 4,
the first switch control circuit 131 includes a first gate
electrode, a first source electrode, and a first drain elec-
trode. The second switch control circuit 132 includes a
second gate electrode, a second source electrode, and
a second drain electrode. The third switch control circuit
133 includes a third gate electrode, a third source elec-
trode, and a third drain electrode. The first drain electrode
is electrically connected to the power supply device 11.
The first source electrode is electrically connected to the
second drain electrode and the first power connection
terminal 141. The second source electrode is electrically
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connected to the third source electrode. The third drain
electrode is electrically connected to the second power
connection terminal. The first driving circuit 1311 is elec-
trically connected to the first gate electrode and the first
switch signal output pin 121 to receive the first switch
signal to allow the first switch unit 1312 to be turned on.
The second driving circuit 1321 is electrically connected
tothe second gate electrode and the second switch signal
output pin 122 to receive the second switch signal to allow
the second switch unit 1322 to be turned on. The third
driving circuit 1331 is electrically connected to the third
gate electrode and the third switch signal output pin 123
to receive the third switch signal to allow the third switch
unit 1332 to be turned on. The first diode 135 includes a
first anode and a first cathode. The first anode is electri-
cally connected to the examination signal input pin 124
and the first resistor 134, and the first cathode is electri-
cally connected to the first source electrode and the sec-
ond drain electrode. The safety control circuit module 13
further includes a second diode 136. The second diode
136 can include a second anode and a second cathode.
The second cathode is electrically connected to the first
source electrode and the first power connection terminal
141. The second anode is electrically connected to the
third drain electrode and the second power connection
terminal 142.

[0052] Inoneembodiment, when the first switch signal,
the second switch signal, and the third switch signal are
notoutputted by the control processing device 12 through
the first switch signal output pin 121, the second switch
signal output pin 122, and the third switch signal output
pin 123, the first switch unit 1312, the second switch unit
1322, and the third switch unit 1332 are not turned on,
and an examination signal is received by the examination
signal input pin 124; when the first switch signal, the sec-
ond switch signal, and the third switch signal are not out-
putted by the control processing device 12 through the
first switch signal output pin 121, the second switch signal
output pin 122, and the third switch signal output pin 123,
but the second switch unit 1322 or the third switch unit
1332 is turned on, an abnormal signal having an electric
potential lower than the examination signal is received
by the examination signal input pin 124.

[0053] In one embodiment, the control processing de-
vice 12 includes a microprocessor. The microprocessor
is a core of the control processing device 12 and has
functions such as digital/analog conversion, input/output
detection, communication transmission, pulse width
modulation output, etc. The microprocessor can detect
whether the connected device connected thereto is ab-
normal by a polling manner.

[0054] Furthermore, taking the power tool 10 as an
electric nail gun as an example, the power tool 10 can
be operated by the following processes. Turning on the
safety switch 153 first; then turning on the trigger switch
154; and then the microprocessor checks whether the
nail-lock detection switch 152 is normal. If the nail-lock
detection switch 152 is in a normal state, then the electric
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nail gun enters into a fire state.

[0055] After entering into the fire state, the microproc-
essor checks states of each switch unit. In a normal sit-
uation, when the second switch unit 1322 and the third
switch unit 1332 are not turned on, the microprocessor
receives the examination signal having high electric po-
tential, which means states of the second switch unit
1322 and the third switch unit 1332 are normal. Then,
the microprocessor can send the first switch signal and
the third switch signal, and turns on the first switch unit
1312 and the third switch unit 1332 through the first driv-
ing circuit 1311 and the third driving circuit 1331 to start
and operate the motor.

[0056] After the motor starts to operate, it lifts the firing
pin up and passes the upper dead point switch 156. After
the microprocessor detects the state of the upper dead
point switch 156, it determines a stopping time of the
motor according to the voltage of the battery 111. When
the stop time is reached, the microprocessor stops send-
ing the first switch signal of high potential to turn off the
first switch unit 1312, and sends the second switch signal
to turn on the second switch unit 1322, causing the motor
to brake and stop quickly. In addition, the braking time
of the motor can be controlled by the mi croprocessor.
[0057] However, if the power tool 10 enters the firing
state, but the second switch unit 1322 and the third switch
unit 1332 are not turned on, and the microprocessor re-
ceives an abnormal signal having low electric potential,
which means at least one of the second switch unit 1322
or the third switch unit 1332 has failed. At this time, an
abnormal mode is entered, and the motoris not operated.
[0058] In one embodiment, the present invention fur-
ther provides a safety control method of the power tool,
including:

providing electric energy to actuate the control
processing device 12 by the power supply device 11;
detecting states of the trigger switch 154 and the
safety switch 153 by the control processing device
12, wherein if the control processing device 12 de-
tects that the safety switch 153 and the trigger switch
154 are in an actuation state and if the safety switch
153 is actuated first corresponding to the trigger
switch 154, the safety control method further in-
cludes:

making the first switch control circuit 131 to be
invalid by the control processing device 12,
wherein the electric energy is unable to be trans-
mitted to a second switch control circuit 132, a
third switch control circuit 133, and a power out-
put device 14 at this time;

making the second switch control circuit 132 and
the third switch control circuit 133 to be invalid
by the control processing device 12; and detect-
ing an electric potential of the second switch
control circuit 132 and the third switch control
circuit 133 by a detecting signal input pin 124.
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[0059] Ifthe electric potential is a low electric potential,
the control processing device 12 determines that at least
one of the second switch control circuit 132 and the third
switch control circuit 133 has failed and does not allow
the electric energy of the power supply device 11 to be
transmitted to the power output device 14.

[0060] Therefore, by the aforesaid configuration, the
power tool, and the safety control circuit module and the
safety control method thereof provided by the present
invention can prevent a phenomenon that the motor of
the power output device keeps running after any switch
unit is burned out, and the control processing device can-
not control it. In the present invention, before the switch
unit is controlled, the control processing device is used
to detect whether the switch unit has been failed, so that
safety can be improved.

[0061] The above are only examples, but are not for
restriction. Any equivalent modifications or changes that
do not depart from the spirit and scope of the present
invention should be included in the scope of the claims.

Claims
1. A power tool (10), comprising:

a power supply device (11);

acontrol processing device (12) electrically con-
nected to the power supply device (11) and com-
prising a first switch signal output pin (121), a
second switch signal output pin (122), a third
switch signal output pin (123), and an examina-
tion signal input pin (124),

wherein a first switch signal, a second switch
signal, and a third switch signal are respectively
outputted from the control processing device
(12) by the first switch signal output pin (121),
the second switch signal output pin (122), and
the third switch signal output pin (123);

a safety control circuit module (13) comprising
afirst switch control circuit (131) electrically con-
nected to the first switch signal output pin (121);
a second switch control circuit (132) electrically
connected to the second switch signal output
pin (122) and the first switch control circuit (131);
a third switch control circuit (133) electrically
connected to the third switch signal output pin
(123) and the second switch control circuit (132);
afirst resistor (134) electrically connected to the
power supply device (11); and

a first diode (135) electrically connected to the
examination signal input pin (124) and the first
resistor (134); and

a power output device (14) comprising:

afirst power connection terminal (141) elec-
trically connected to the first switch control
circuit (131), the first diode (135), and the
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second switch control circuit (132); and

a second power connection terminal (142)
electrically connected to the third switch
control circuit (133).

2. The power tool (10) as claimed in claim 1, charac-

terized in that

the first switch control circuit (131) comprises a
first driving circuit (1311) and a first switch unit
(1312);

the second switch control circuit (132) compris-
es a second driving circuit (1321) and a second
switch unit (1322);

the third switch control circuit (133) comprises
a third driving circuit (1331) and a third switch
unit (1332);

the first switch unit (1312), the second switch
unit (1322), and the third switch unit (1332) are
metal-oxide-semiconductor field-effect transis-
tors;

the first switch control circuit (131) comprises a
first gate electrode, a first source electrode, and
a first drain electrode; the second switch control
circuit (132) comprises a second gate electrode,
a second source electrode, and a second drain
electrode; the third switch control circuit (133)
comprises a third gate electrode, a third source
electrode, and a third drain electrode; the first
drain electrode is electrically connected to the
power supply device (11), the first source elec-
trode is electrically connected to the second
drain electrode and the first power connection
terminal (141), the second source electrode is
electrically connected to the third source elec-
trode, and the third drain electrode is electrically
connected to the second power connection ter-
minal (142);

the first driving circuit (1311) is electrically con-
nected to the first gate electrode and the first
switch signal output pin (121) and receives the
first switch signal to allow the first switch unit
(1312) to be turned on;

the second driving circuit (1321) is electrically
connected to the second gate electrode and the
second switch signal output pin (122) and re-
ceives the second switch signal to allow the sec-
ond switch unit (1322) to be turned on;

the third driving circuit (1331) is electrically con-
nected to the third gate electrode and the third
switch signal output pin (123) and receives the
third switch signal to allow the third switch unit
(1332) to be turned on; and

the first diode (135) comprises a first anode and
afirst cathode, the first anode is electrically con-
nected to the examination signal input pin (124)
and the first resistor (134), and the first cathode
is electrically connected to the first source elec-
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trode and the second drain electrode.

The power tool (10) as claimed in claim 2, charac-
terized in that the safety control circuit module (13)
further comprises a second diode (136), the second
diode (136) comprises asecond anode and a second
cathode, the second cathode is electrically connect-
ed to the first source electrode and the first power
connection terminal (14 1), and the second anode is
electrically connected to the third drain electrode and
the second power connection terminal (142).

The power tool (10) as claimed in claim 2, charac-
terized in that when the first switch signal, the sec-
ond switch signal, and the third switch signal are not
outputted by the control processing device (12)
through the first switch signal output pin (121), the
second switch signal output pin (122), and the third
switch signal output pin (123), the first switch unit
(1312), the second switch unit (1322), and the third
switch unit (1332) are not turned on, and an exami-
nation signal is received by the examination signal
input pin (124).

The power tool (10) as claimed in claim 4, charac-
terized in that when the first switch signal, the sec-
ond switch signal, and the third switch signal are not
outputted by the control processing device (12)
through the first switch signal output pin (121), the
second switch signal output pin (122), and the third
switch signal output pin (123), but the second switch
unit (1322) or the third switch unit (1332) is turned
on, an abnormal signal having an electric potential
lower than the examination signal is received by the
examination signal input pin (124).

The power tool (10) as claimed in claim 2, charac-
terized in that the power supply device (11) provides
electric energy to the control processing device (12)
and the power output device (14);

when the first switch unit (1312) and the third
switch unit (1332) are turned on, an electric cur-
rent of the electric energy flows from the first
switch unit (1312) to the third switch unit (1332)
through the power output device (14), and a mo-
tor of the power output device (14) operates;
when the motor operates, if the second switch
unit (1322) and the third switch unit (1332) are
turned on, and the first switch unit (1312) is not
turned on, a braking current of a counter elec-
tromotive force generated during operation of
the motor flows from the third switch unit (1332)
to the second switch unit (1322) through the
power output device (14), and the motor is de-
celerated; and

aturned-on time of the second switch unit (1322)
and the third switch unit (1332) is determined by
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the second switch signal and the third switch
signal sent from the control processing device
(12).

The power tool (10) as claimed in claim 1, charac-
terized in that the control processing device (12)
further comprises a plurality of detection pins, and
each of the detection pins is electrically connected
to a plurality of detection units respectively.

The power tool (10) as claimed in claim 7, charac-
terized in that the power tool (10) further comprises
a motor detection circuit (151), one terminal of the
motor detection circuit (151)is electrically connected
to the second switch control circuit (132) and the
third switch control circuit (133), and another terminal
of the motor detection circuit (151) is electrically con-
nected to one of the plurality of detection pins.

The power tool (10) as claimed in claim 7, charac-
terized in that the plurality of detection units com-
prise a trigger switch (154) and a safety switch (153).

A safety control circuit module (13) disposed in a
power tool (10), comprising:

afirst switch control circuit (131) electrically con-
nected to a first switch signal output pin (121) of
a control processing device (12) of the power
tool (10) and receiving a first switch signal from
the control processing device (12);

a second switch control circuit (132) electrically
connected to a second switch signal output pin
(122) of the control processing device (12) and
the first switch control circuit (131) and receiving
a second switch signal from the control process-
ing device (12);

a third switch control circuit (133) electrically
connected to a third switch signal output pin
(123) of the control processing device (12) and
the second switch control circuit (132) and re-
ceiving a third switch signal from the control
processing device (12);

a first resistor (134) electrically connected to a
power supply device (11) of the power tool (10);
and

a first diode (135) electrically connected to an
examination signal input pin (124) of the control
processing device (12) and the first resistor
(134),

wherein the safety control circuit module (13) is
connected to a power output device (14) of the
power tool (10), the power output device (14)
comprises a first power connection terminal
(141) and a second power connection terminal
(142), the first power connection terminal (141)
is electrically connected to the first switch control
circuit (131), the first diode (135), and the sec-
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ond switch control circuit (132), and the second
power connection terminal (142) is electrically
connected to the third switch control circuit
(133).

11. The safety control circuit module (13) as claimed in

claim 10, characterized in that

the first switch control circuit (131) comprises a
first driving circuit (1311) and a first switch unit
(1312);

the second switch control circuit (132) compris-
es a second driving circuit (1321) and a second
switch unit (1322);

the third switch control circuit (133) comprises
a third driving circuit (1331) and a third switch
unit (1332); the first switch unit (1312), the sec-
ond switch unit (1322), and the third switch unit
(1332) are metal-oxide-semiconductor field-ef-
fect transistors;

the first switch control circuit (131) comprises a
first gate electrode, a first source electrode, and
a first drain electrode;

the second switch control circuit (132) compris-
es a second gate electrode, a second source
electrode, and a second drain electrode;

the third switch control circuit (133) comprises
a third gate electrode, a third source electrode,
and a third drain electrode;

the first drain electrode is electrically connected
to the power supply device (11), the first source
electrode is electrically connected to the second
drain electrode and the first power connection
terminal (141), the second source electrode is
electrically connected to the third source elec-
trode, and the third drain electrode is electrically
connected to the second power connection ter-
minal (142);

the first driving circuit (1311) is electrically con-
nected to the first gate electrode and the first
switch signal output pin (121) and receives the
first switch signal to allow the first switch unit
(1312) to be turned on;

the second driving circuit (1321) is electrically
connected to the second gate electrode and the
second switch signal output pin (122) and re-
ceives the second switch signal to allow the sec-
ond switch unit (1322) to be turned on;

the third driving circuit (1331) is electrically con-
nected to the third gate electrode and the third
switch signal output pin (123) and receives the
third switch signal to allow the third switch unit
(1332) to be turned on; and

the first diode (135) comprises a first anode and
afirst cathode, the first anode is electrically con-
nected to the examination signal input pin (124)
and the first resistor (134), and the first cathode
is electrically connected to the first source elec-
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trode and the second drain electrode.

The safety control circuit module (13) as claimed in
claim 11, characterized in that the safety control
circuit module (13) further comprises a second diode
(136), the second diode (136) comprises a second
anode and a second cathode, the second cathode
is electrically connected to the first source electrode
and the first power connection terminal (141), and
the second anode is electrically connected to the
third drain electrode and the second power connec-
tion terminal (142).

The safety control circuit module (13) as claimed in
claim 11, characterized in that

when the first switch signal, the second switch
signal, and the third switch signal are not out-
putted by the control processing device (12)
through the first switch signal output pin (121),
the second switch signal output pin (122), and
the third switch signal output pin (123), the first
switch unit (1312), the second switch unit
(1322), and the third switch unit (1332) are not
turned on, and an examination signal having a
high electric potential is received by the exami-
nation signal input pin (124);

when the first switch signal, the second switch
signal, and the third switch signal are not out-
putted by the control processing device (12)
through the first switch signal output pin (121),
the second switch signal output pin (122), and
the third switch signal output pin (123), but the
second switch unit (1322) or the third switch unit
(1332) is turned on, an abnormal signal having
an electric potential lower than the examination
signal is received by the examination signal in-
put pin (124).

A safety control method of a power tool (10), com-
prising:

providing electric energy to actuate a control
processing device (12) by a power supply device
(11);

detecting states of a trigger switch (154) and a
safety switch (153) and by the control process-
ing device (12),

wherein if the control processing device (12) de-
tects that the safety switch (153) and the trigger
switch (154) are in an actuation state and if the
safety switch (153) is actuated corresponding to
the trigger switch (154), the safety control meth-
od further comprise:

making the first switch control circuit (131)
to be invalid by the control processing de-
vice (12),
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wherein the electric energy is unable to be
transmitted to a second switch control cir-
cuit (132), a third switch control circuit (133),
and a power output device (14) at this time;
making the second switch control circuit
(132) and the third switch control circuit
(133) to be invalid by the control processing
device (12); and detecting an electric poten-
tial of the second switch control circuit (132)
and the third switch control circuit (133) by
a detecting signal input pin,

wherein if the electric potential is a low elec-
tric potential, the control processing device
(12) determines that at least one of the sec-
ond switch control circuit (132) and the third
switch control circuit (133) has failed and
does not allow the electric energy of the
power supply device (11) to be transmitted
to the power output device (14).
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